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THE PHENOMENON OF "DEAD-WATER 
The Norwegian North Polar Expedition, 1893-6. 

Scientific Results. Vol. v. On Dead Water. By 

V. Walfrid Ekman. (London : Longmans, Green 

and Co., 1906.) Price 20s. net. 

N August 29, 1893, the. Fram was steaming in 
smooth and open water between the isle of 
Taimur and Almquist Islands; towards evening she 
approached thick ice in order to make fast to it. A 
very slight current was observed as she neared the 
ice, but the vessel made extremely slow progress, and 
the speed was reduced to 1 or ij knots, although the 
engines were working at full power, which would 
have given a speed of 4! to 5 knots in ordinary 
circumstances. Nansen’s journal attributed this 
singular behaviour to the Fram having “ got into 
dead-water ”•—a condition which has been frequently 
met with by ships navigating the Norwegian fiords, 
and occasionally encountered elsewhere. Nansen con¬ 
sulted Prof. Bjerknes (in 1898) on the subject, and 
that gentleman suggested the explanation that “ in 
the case of a layer of fresh water resting on the top 
of salt water, a ship will not only produce the ordinary 
waves at the boundary between the air and the 
water, but will also generate invisible waves in the 
boundary between salt water and fresh water; . . . 
the great resistance experienced by the ship being due 
to the work done in generating these invisible waves.” 
After some discussion between Nansen and Bjerknes 
it was decided to make a rigorous experimental in¬ 
vestigation ; the work was entrusted to Dr. Ekman 
(assistant in the Central Laboratory for the Inter¬ 
national Study of the Sea at Christiania). Its history 
and results are recorded in the remarkable memoir 
under review, which occupies the greater, part of the 
volume in which it appears, and forms an important 
item in the scientific results of the North Polar Ex¬ 
pedition. 

Dr. Ekman’s memoir must be closely studied before, 
its full merits can be appreciated. It contains an 
excellent summary of the present state of knowledge 
in regard to the resistance offered by water to the 
motions of ships, and deals in great detail with the 
wave-phenomena attending these motions through 
homogeneous fluids and through layers of different 
densities. The mathematical and experimental w'orks 
of Scott Russell, W. Froude, Stokes, and Lamb are 
laid under contribution, and it is demonstrated that 
Prof. Bjerknes’s suggestion furnishes a reasonable 
explanation of the phenomena of “dead-water.” A 
great body of testimony regarding these phenomena 
is brought together from logs, journals, and letters 
of experienced seamen, who confirm the observation 
made by Nansen in the Fram, viz. that ships 
encountering a layer of fresh water or brackish water 
superposed on sea water of greater density do experi¬ 
ence greatly increased resistance, lose in speed, and 
not infrequently become unhandy, not answering their 
helm. These results obtain when vessels are moving 
at very low speeds before they “ get into dead-water 
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they are much more frequently seen in sailing vessels 
than in steamers, and occur in the estuaries of 
rivers, straits, fiords, or other situations where fresh 
water accumulates. Sometimes ships get into dead- 
water when considerable currents are seen on the 
surface; at other times there is little or no current. 
In some cases the depth of fresh or brackish water 
has been less than the draught of the ship, and in 
others greater. Ships get into dead-water suddenly, 
and may become free again as suddenly. Any change 
of condition in the surrounding water, such as the 
passage of another vessel near the ship “ in dead- 
water, ” or a sudden alteration in the speed of a ship, 
tends to destroy the “ drag ” of dead-water and to 
set the vessel free. Steamships possessing capacity 
for high speed may get into dead-water when moving 
very slowly, but have no difficulty in freeing them¬ 
selves by using the engine-power in reserve. Sailing 
ships, or auxiliary steamships like the Fram, have not 
the same command of speed. It will be seen, there¬ 
fore, that the elucidation of the problem has scientific 
rather than practical interest, but from the scientific 
side the experiments of Dr. Ekman deserve and will 
receive close study by all interested in ship propulsion 
and hydrodynamics. The experiments were neces¬ 
sarily made on a small scale, the larger model ships 
used being only one-hundredth of the full size 
(1 : 100). Dr. Ekman acknowledges the drawbacks 
unavoidable with such small models, and there is no 
need to dwell further upon the point ; but great interest 
would attach to the performance of experiments of a 
similar character on a larger scale in experimental 
tanks now existing in this country and abroad, where¬ 
in the methods introduced by William Froude are 
followed and developed. 

One cannot speak too highly of the extreme 
ingenuitj' and care bestowed by Dr. Ekman on these 
experiments, their numerical and photographic, re¬ 
cords, and the detailed analysis of results. The illus¬ 
trative diagrams appended to the memoir are valuable 
and suggestive, and the broad conclusions reached 
command acceptance. A singularly close agreement 
is reached between the experimental results obtained 
with models and the observations made by Nansen in 
the Fram. The enormously increased resistance and 
loss of speed are shown to be fully accounted for by 
the energy expended in forming an invisible wave 
series at the boundary of fresh and sea water. This 
would hardly appear probable at a first glance. Sup¬ 
posing the speed of the Fram to have been diminished 
from 4-I to ij knots, the resistance at the lower speed 
in dead-water must have been about nine times as 
great as that when the Fram moved at the same speed 
in sea water of considerable depth. In the latter 
circumstances it is well known that nearly the whole 
resistance would be accounted for by friction of water 
against the bottom, and a very small part by wave 
making, as there would be little surface disturbance 
at so low a speed. These considerations make the 
results obtained by Dr. Ekman the more remarkable, 
and it is worth notice that even when a ship is “ in 
dead-water ” the disturbance of the upper surface 
may be very small, although that at the boundary 

X 



© 1906 Nature Publishing Group 








486 


NA TURE 


[September 13, 1906 


between fresh and sea water may produce a large 
proportionate increase in resistance. 

There are many other matters of interest that can¬ 
not be mentioned in the space available. The parallel 
drawn between resistance in shallow water and in 
layers of different densities is most suggestive. The 
determination of the critical speeds at which the in¬ 
fluence of dead-water rapidly diminishes or disappears 
and the accompanying changes in the w'ave-pheno- 
mena are of great interest. On the whole Dr. Ekman 
is to be congratulated on his work on an obscure 
problem that has puzzled many persons; Prof. 
Bjerknes on his prescience in suggesting the solution 
and his selection of so capable an investigator; and 
Dr. Nansen on having decided to get to the bottom 
of the phenomena of “ dead-water.” It may be hoped 
that the subject will not be overlooked by other in¬ 
vestigators possessing facilities for experiments on a 
larger scale. W. H. White. 

SEGREGATION AS A FACTOR IN EVOLUTION. 
Evolution, Racial and Habitudinal. By Rev. John 

T. Gulick. Pp. xii + 269; three plates. (Washing¬ 
ton : Carnegie Institution, 1905,) 

ORE than fifty years ago Mr. Gulick collected 
snails on the island of Oahu, and was im¬ 
pressed and puzzled by the fact that each valley 
seemed to be inhabited by peculiar forms. “ Valleys 
only a mile apart were occupied by distinct varieties, 
and often by distinct species.” The more facts he 
accumulated the more puzzling did they appear, and a 
perusal of the “ Origin of Species ” left his riddle 
unread. In many cases of divergence diversity of 
sexual selection cannot be the cause; in the case of 
snails this hardly requires proof. In many of the 
same cases diversity of natural selection cannot be the 
cause, because in many cases the divergence is not in 
proportion to the degree of environmental difference, 
because the divergence is sometimes non-utilitarian, 
and for other reasons. 

Gradually Mr. Gulick was led to the position, with 
which his name is honourably and familiarly asso¬ 
ciated, that isolation itself, by preventing all chance 
of crossing w'ith the original stock, may open the 
way for new habits, for new forms of selection, and, 
in short, for new species. He believes that no process 
of natural selection, or of sexual selection, or of any 
other form of selection, can transform one species 
into two or more species without the prevention of 
free crossing between the branches that are thus 
transformed. “ Isolation is an essential factor in the 
production and maintenance of divergent types.” 
Segregation in particular, i.c., the intergeneration of 
like with like, with the prevention of crossing be¬ 
tween unlike groups, is one of the fundamental 
factors in the formation, continuance, and control of 
divergent types. To substantiate and develop this 
thesis is the aim of the present bulky volume, the 
full title of which should read, he tells us, 11 Habitu- 
dinal and Racial Segregation; or the origin and 
intensification of organic types, guided by innovation 
and tradition acting under segregate association, and 
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established by variation and heredity acting under 
segregate intergeneration ”! 

Mr. Gulick distinguishes racial (or aptitudinal ) 
segregation, produced by the intergeneration of indi¬ 
viduals with like innate characters, from social (or 
habitudinal) segregation produced by the association 
of individuals with like acquired characters, but these 
two “ spheres of evolution ” interact. Hereditarily 
similar forms draw together, and we have “ racial 
segregation ”; modificationally similar forms draw 
together and we have “habitudinal segregation.” 
Each of these, is “controlled by two principles.” The 
former is controlled by racial demarcation through 
isolation, and racial intensification through survival 
(in its two forms, selection and indiscriminate elimina¬ 
tion). The latter is controlled by habitudinal demar¬ 
cation through partition, and habitudinal intensification 
through success (in its two forms, election and indis¬ 
criminate failure). “ We have, therefore, four main 
principles cooperating in the production of segregate 
types, namely, partition, success, isolation, and sur¬ 
vival.” AH this sounds very “wordy,” but it need 
hardly be said that the author illustrates his new 
distinctions by concrete instances. And, after all, the 
terms are of less importance than the analysis of the 
modes of segregation which they express. 

Partition (P), acting on acquired characters, pro¬ 
duces habitudinal demarcation with initial habitudinal 
segregation; election (E), acting on acquired char¬ 
acters, produces intensified habitudinal segregation ; 
isolation (I), acting on inherited characters, produces 
racial demarcation with initial racial segregation; 
selection (S), acting on inherited characters, produces 
intensified racial segregation; but we must refer the 
reader to the book to see what is produced when P 
and E, I and S, P and I, E and S, respectively work 
together. The interaction of the principles of segre¬ 
gation is illustrated, inter alia, by the Tarpon Island 
cats, quoted from the New Orleans Times-Democrat, 
which wade freely off the beach, and even swim out 
to the oyster boats. 

Moreover, as to P, E, I, and S, each has its reflexive 
mode, produced by the action of the members of the' 
species upon each other, and its environal mode, deter¬ 
mined by the relations between the environment and 
the species; also its regressive aspects, caused by the 
cessation or reversal of the influence that has been 
ruling; and its indiscriminate aspects. There may be 
conjunctional P, E, I, and S; sexual forms of S, E, 
and I; social forms of P, E, I, and S. Moreover, 
under the environal mode of each principle, the rela¬ 
tions between the group and its environment may be 
determined by conditions within the group ( endonomic 
P, E, I, or S), or they may be determined chiefly by 
conditions lying outside of the group ( heteronomic 
P, E, I, or S), Eleven forms of P, eleven forms of E, 
fifteen forms of I, and twenty forms of S are duly 
distinguished and defined, and we begin to feel that 
the grammar of evolution is not easy. Altogether 
twenty-one forms of segregation are found in natural 
species, and to these must be added institutional 
segregation and eight forms of intensive segregation 
found to occur in man. 
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